Abstract-This paper presents fruit battery evaluation as a method to distinguish between oil palm fruit ripeness stages. The fruit battery method consists of two electrodes that have different ionization tendencies. The fruit battery can detect oil palm fruit electrolyte changes from decreasing moisture content as the oil palm ripens. This paper proposes a condition to distinguish oil palm ripeness by varying the depth and interval between electrodes. Subsequently, the probability of estimating oil palm fruit moisture content using this method is evaluated using a regression analysis.
I. INTRODUCTION
A fruit battery generates electromotive force from two inserted electrodes that have different ionization tendencies. Generally, fruit battery experiments are commonly used for educational purposes to attract children's interest. There are no clear instances where a fruit battery is utilized at an industrial level.
The principle of generating electromotive force is that the fruit's chemical composition works as an electrolyte. If fruit's chemical composition differ, electromotive force also varies. A fruit battery can be used to distinguish between fruit with different chemical compositions. The purpose of this research is to distinguish between different oil palm ripeness stages. Electromagnetic sensors [1] and color charts [2] are a few of the types of methods previously proposed to classify oil palm ripeness stages by the authors. For this research, the authors thought that a fruit battery can serve as a new method to achieve the same objective because lipid and moisture content of oil palm changes as the fruit ripens. In this paper a suitable depth and interval is determined to properly classify oil palm fruit ripeness, and a regression analysis is performed to evaluate whether it is possible to estimate oil palm fruit moisture content by using a fruit battery method. Fig.1 shows a schematic diagram illustrating the principle of a fruit battery using an oil palm fruitlet. A fruit battery basically generates electromotive force when two electrodes having different ionization tendencies are pierced through the fruit surface. From fig.1 , when a copper and a zinc electrode pierce through the fruit, zinc loses electron since zinc's ionization tendency is higher than that of copper. The copper electrode accepts the electron from the zinc electrode and the electron is combined with a positive hydrogen ion from the moisture content in the electrolyte to become hydrogen gas. The movement of an electron generates a small current and the fruit behaves like a battery. Fig.2 (a) , (b) show photographs of unripe and ripe oil palm fruitlets. The fruit surface color changes from dark blue to orange as the fruit ripens. Fig.3 shows the composition of ripe and unripe oil palm fruit [3] in terms of moisture, lipids and other content. The proportion of moisture and lipids in unripe fruit is 80.1 % and 5.9 % respectively, while in ripe fruit this is 24.3 % and 58.3 % respectively. It can be seen that the lipid content increases and moisture content decreases as the fruit matures. Moisture within the fruit transforms to lipids as it ripens until it reaches to a minimum of about 30% [4] [5] . This is why moisture content could be used as an indicator to classify oil palm ripeness stages for this application. Fig.4 is a schematic drawing of the experimental setup. Load resistance voltage from the electrodes is measured using a digital multimeter (Pro's Kit, 3PK-600T) with varying electrode depths and intervals. Fig.5 is a schematic drawing of the electrode parameters. Table Ⅰ shows parameter conditions for the electrodes. Based on Fig.5 and Table Ⅰ , two conditions were tested. First, the interval between electrodes is fixed at 3 mm and electrode depth was varied between 1, 2, 3, and 4 mm. The second test fixed electrode depth at 3 mm and the interval between electrodes was varied at 1, 2, 3, 4, 5, 6, 7, 8, and 9 mm. The best performing electrode conditions to categorize oil palm ripeness stages in terms of both depth and interval between electrodes can be identified. The load resistance used was 1 kΩ and the length, width and thickness of the electrodes is 16 mm, 6 mm, and 0.5 mm respectively. D. Regression analysis Regression analysis is a way to derive a regression formula between two variables where the causal relationship can be estimated. To evaluate the regression formula, Analysis of variance (ANOVA) and coefficient of determination R 2 were used to validate the regression formula by F-test. The F-value is expressed from the ratio of regression variance to residual variance. Then the p-value can be derived from the F-value and a statistical hypothesis test is performed. The formulas used for ANOVA are shown below in equations (1), (2), and (3). F is the F-value, sR 2 is the regression variance, se 2 is the residual variance. i ŷ is the expected value from the regression formula, y is the average of the datasets. yi is the measured value, n is the degrees of freedom. 
II. EXPERIMENTAL SETUP

A. Fruit battery
B. Characteristics of oil palm fruit
C. Chracteristics of load resistance voltage
The coefficient of determination R 2 shows how the regression formula fits the datasets. R 2 takes a range from 0 to 1, and the regression formula fits better as it approaches 1. Generally, a coefficient of determination R 2 greater than 0.8 is considered a good fit. The formulas used to derive coefficient of determination R 2 are shown below in equations (4), (5), (6) , and (7). R 2 shows coefficient of determination, SR shows regression variation, Se shows residual variation, and ST shows total variation. 
A regression analysis was performed to evaluate the possibility that the moisture content of oil palm can be estimated from load resistance voltage. The load resistance voltage of the fruit battery was measured using a digital multimeter as shown in Fig.4 . The electrode conditions that produces the maximum rate of change between unripe and ripe fruit were used. Each measurement was repeated three times with a total of 52 oil palm fruitlet samples. The mean of three measurements was taken as the measured value. Then moisture content of the oil palm is determined using an infrared moisture content analyzer (Kett, FD-610). Fig.6 shows load resistance voltage characteristics when electrode insertion depth is varied. The load resistance voltage of unripe and ripe fruit increase linearly as insertion depth increases. It is assumed that electrolyte resistance is inversely proportional to the cross section of electrodes that were in contact with the electrolyte [6] .
III. RESULTS
A. Load resistance voltage characteristics
The regression formula is derived to determine which electrode depth state can identify oil palm ripeness stages. The slopes for unripe and ripe data are 42.58 V/m and 9.47 V/m respectively. The gradient for unripe fruit data is higher than that of ripe fruit.
To evaluate the depth of electrodes, the rate of change between unripe and ripe fruit is calculated using equation (8)
where |c| is the absolute value of rate of change, VLRipe [V] is the load resistance voltage for a ripe fruit, and VLUnripe [V] is the load resistance voltage for an unripe fruit. Table Ⅱ shows the absolute change in value between unripe and ripe fruit when the depth of the electrode changes. From Table Ⅱ , the maximum absolute value for the rate of change is 67.7 % at 4 mm, and the minimum value is 42.9 % at 1 mm. From these results, deeper depths show a bigger difference. The regression formula is derived from these results. The slopes for unripe and ripe are -16.3 V/m, -4.44 V/m respectively so the unripe slope is steeper than the ripe slope. Table Ⅲ shows the absolute value of the rate of change when interval is varied. An evaluation using the absolute value of the rate of change between unripe and ripe was performed at same depths. The biggest differences observed were 53.9 % at 1 mm, and the smallest difference was 9.6 % at 9 mm. It appears that smaller intervals between electrodes produce better results.
Even though deeper and closer spaced electrodes produce better results for distinguishing oil palm ripeness stages, some fruits are difficult to pierce through to 4mm due to seed, especially unripe fruits. Not only that, load resistance voltage would be unstable when the interval between electrodes is too close especially for ripe fruits since the fruit mesocarp is too soft. For that reason, it was decided that the preferred condition is a depth of 3 mm and an interval of 2 mm. These parameters (le=3mm and de=2mm) were chosen for the regression analysis results in the next section. B. Regression analysis for estimating moisture content Fig.8 shows the scatter plot of oil palm fruit moisture content against load resistance voltage. The load resistance voltage is directly proportional to the moisture content of the oil palm fruit. As the fruit ripens, the moisture content in the fruit decreases and is converted into lipids where the ripe fruit's flesh displays non-electrolyte properties. This phenomenon causes the electrodes to produce smaller load resistance voltages for ripe palm fruit as compared to the unripe fruit. The regression formula of the load resistance voltage and moisture content is derived using the least square method. Equation (9) ANOVA is used on the regression formula for validation purposes. The significance level is set as 1%. A null hypothesis and an alternative hypothesis are stated below.
Null hypothesis:
The slope of the regression formula is 0 (The regression formula is not valid) Alternative hypothesis:
The slope of the regression formula is not 0 (The regression formula is valid) Table Ⅳ shows the results of the ANOVA test where the test statistic F-value is calculated from the regression variance and the residual variance using Equation (1). The F-value is 345.02 and P-value is 4.34×10 -24 , which is less than 0.01. The alternative hypothesis is applied and the regression formula is determined to be valid.
Secondly, the coefficient of determination is calculated by using regression variance and total variance. As a result, the coefficient of determination is found to be 0.874 which is above the generally accepted 0.8 threshold for significance. Therefore, the load resistance voltage is strongly related to the moisture content of oil palm and there is strong possibility for moisture content to be estimated by using this fruit battery method.
For future work, an electrode material and electrode layout should be considered in order to improve the sensitivity of this method by making the slope of regression analysis lower. 
IV. CONCLUSION
From this paper, suitable depth and interval conditions for oil palm ripeness differentiation were studied. A regression analysis was performed to estimate moisture content of oil palm using a fruit battery. It was concluded that an electrode depth of 3 mm and interval of 2 mm showed the best results. The regression formula is valid and it is very possible to estimate the oil palm moisture content by using a fruit battery method.
